A central issue in educational research and policy is how to allocate schoolrelated resources most effectively in order to increase achievement for all student groups. Many of the policies designed to ensure that successful distribution of school resources will result in high levels of academic achievement for all students have, in fact, a dual objective. In particular, such educational policies aim to increase achievement for all students and simultaneously close the achievement gap between low-and high-achieving students. That is, an important objective is to produce larger gains for low-achieving students or to have all students perform as well as the high-achieving students. The urgency with which these objectives are pursued has been increased with the passage of the No Child Left Behind Act, which provides incentives for making Electronically published July 9, 2009 adequate annual progress (or penalties for the lack of it) toward closing the achievement gap. Ideally the reduction in the gap would mean larger increases in achievement for low achievers who are at risk of school failure. Naturally, numerous school interventions have been designed to meet the needs of low achievers who are at risk for school failure and to close the achievement gap between low and high achievers. For example, several strategies of compensatory education target low-achieving students and aim to increase their achievement.
Although such strategies are important, an ideal intervention would increase the achievement levels for all students, while having additional positive effects on the achievement levels of low achievers. Some researchers have argued that class size reduction may be such an intervention (e.g., Finn and Achilles 1990; Krueger and Whitmore 2001) . Studies that used high-quality experimental data from Project STAR (student teacher achievement ratio) have consistently demonstrated the positive effects of small classes on average achievement for all students (e.g., Finn and Achilles 1990; Krueger 1999; Nye et al. 2000b) . Specifically, these studies demonstrated that the average student achievement in small classes (15 students on average) was significantly higher than that in regular classes (22 students on average), and these findings suggest that reducing class size is a promising intervention that increases academic achievement, on average, for all students. In addition, it is tempting to imagine class size reduction as an educational intervention that increases academic achievement for all students and simultaneously reduces the achievement gap between low-and high-achieving students by producing larger gains for low achievers. Several studies have examined the differential effects of small classes on achievement for minority and disadvantaged students (Finn and Achilles 1990; Krueger 1999; Krueger and Whitmore 2001; Nye et al. 2000a Nye et al. , 2002 , however, and the findings have been mixed. For example, Nye and colleagues found weak or no evidence for differential effects of small classes on minority, disadvantaged, and low-achieving students, while Finn and Achilles found statistically significant differential effects favoring minority students in reading in grade 1.
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The effects of class size on student achievement have been of great interest to educational researchers and policy makers during the last two decades. In fact, reducing class size to boost student achievement is a policy option that has gained considerable attention nationwide. Class size reduction is an appealing school intervention because it is easy to implement and does not necessarily require changes in teaching methods or instructional practices. Currently, many states and school districts have enacted or are considering class size reduction with the objective of improving academic achievement for all students and especially for low-achieving students. For instance, Wisconsin has adopted a class size reduction program in early grades to examine the effects of small classes on students of low socioeconomic status (SES). It is imperative, then, to examine whether class size reduction will indeed achieve the intended objective and increase achievement for low-achieving students more than other students (i.e., reduce the achievement gap).
The critical question of whether class size reduction can reduce the achievement gap and hence affect the academic achievement of low-and highachieving students differently has not been fully answered thus far. In particular, the previous work has not addressed the question of whether the differential effects of small classes on the achievement of low-achieving students persist or weaken over time. The objective of this article is to answer this question by examining differences in achievement, at various percentiles of the achievement distribution, between students who were in small or regular-size classes in early grades (e.g., in grade 3). Specifically, we examined the effects of being in small classes in grade 3 on achievement in subsequent grades 4-8. We used data from a four-year, large-scale, randomized experiment known as the Tennessee Class Size Experiment, or Project STAR, and the long-term follow-up study known as the Lasting Benefits Study (LBS) that followed participants of Project STAR through grade 8 (see Finn et al. 2001; Nye et al. 1999 ).
The Effects of Class Size Reduction on the Achievement Gap
Previous work on the effects of class size has focused exclusively on estimating mean differences in student achievement between small and regular-size classes (e.g., Krueger 1999; Nye et al. 2000b ). However, focusing on average differences of achievement distributions between these types of classes is only one way to evaluate the effects of class size. A more complete assessment would also examine small-class effects in the upper and lower tails of the achievement distribution. Studies have shown (e.g., Hedges and Nowell 1995) that achievement differences between student groups in the middle of the achievement distribution may be qualitatively different from achievement differences in the upper and lower tails. For example, achievement differences between low achievers in small and in regular classes may be significantly smaller (or larger) than achievement differences between average-or high-achieving students in these classes.
Class size reduction can affect the achievement gap in three ways. First, if small and regular classes affect the achievement of high-and low-achieving students in similar ways, then one would expect that the achievement distributions in small and regular classes would differ only in central tendencythat is, small classes would have a higher mean than regular classes but a comparable standard deviation. This suggests that the achievement distribution in small classes is simply shifted to the right by about one-fifth of a standard deviation, which is the average achievement benefit reported in previous work using Project STAR data (e.g., Nye et al. 2000b) . In this case, small classes would have no effect on the achievement gap (between low and high achievers) because all students would benefit equally from being in small classes. Second, if low achievers benefit more from being in small classes, then one would expect that the achievement distribution in small classes would have a higher mean and a smaller standard deviation than the achievement distribution in regular classes. In this case, small classes would close the achievement gap because achievement differences between low and high achievers would be smaller. Third, if high achievers benefit more than low achievers from being in small classes, then one would expect that the achievement distribution in small classes would have a higher mean and a larger standard deviation than the achievement distribution in regular classes. In this case, small classes would not close the achievement gap between low and high achievers.
There are a variety of ways to investigate these hypotheses. First, one could examine the differential effects of small classes on the achievement of lowachieving students. A recent study investigated this issue and found virtually no evidence that small classes help these students more than other students (e.g., Nye et al. 2002) . Specifically, Nye and colleagues examined whether low achievers in kindergarten benefited from being in small classes in the first, second, or third grade and found that small classes did not affect low achievers' performance. In addition, a more recent study measured the effects of class size on the within-classroom variation in achievement and found larger variation in achievement in small classes in the first two years of Project STAR (Konstantopoulos 2008) . Alternatively, one could examine differences between small and regular classes in the upper and lower tails of the achievement distribution. The idea is that, if the average achievement gain for low-achieving students in small or regular classes is larger than the average achievement gain for medium-or high-achieving students in small or regular classes, then there is evidence that low achievers benefit from small classes more than other students. This would suggest a reduction in the achievement gap. In this case, one would observe larger small-class effects in the low end of the achievement distribution (low-achieving students) than in the upper end (high-achieving students) or the middle. In addition, if small-class effects were significantly larger (in a statistical sense) in the lower tail, then this would indicate that low achievers indeed benefit more than medium or high achievers from being in small classes. For example, suppose that the small-class effect at the tenth percentile of the achievement distribution is one-third of a standard deviation, while the small-class effect at the ninetieth percentile is one-fifth of a standard deviation. One could argue that this difference is meaningful since it is nearly one-tenth of a standard deviation, which is a considerable effect in education. This finding would indicate that small classes close the achievement gap. In addition, one could construct a t-test to examine whether the difference between these two estimates is statistically significant (while taking into account the dependency in the estimates).
The Current Study
The purpose of our study was to examine the effects of being in small classes in early grades on the achievement gap in later grades 4-8. We hypothesized that being in small classes in early grades would have lasting benefits for low achievers in later grades. The mechanism through which low achievers could benefit more than other students from being in small classes has not been explicitly described thus far. A caveat of Project STAR is that information about classroom practices is not available. However, there are some plausible hypotheses about the ways that small classes can affect low achievers. One plausible hypothesis is that teachers in small classes systematically modify their instruction to promote student achievement. That is, it is likely that the majority of teachers in small classes are more likely to identify low achievers and design their instruction to benefit these students. Alternatively, it is also plausible that the instructional practices that take place in small classes benefit low achievers more than other students. That is, in smaller classes, low achievers may have more opportunities to interact with their teachers and may receive more personal attention from their teachers. As a result, such students may engage more frequently in learning, which could result in higher achievement levels. Note that the second hypothesis does not require teachers to modify their classroom practices. Simply put, in small classes students receive more attention from teachers, which may result in larger benefits for low achievers than for other students. In addition, it is likely that small classes boost teacher effectiveness since teachers in small classes are more likely to spend less time in disciplining students and more time in engaging students in learning activities. This is crucial for poorer schools since recent work has shown that teacher effectiveness matters more in schools with higher pro-portions of disadvantaged (and low-achieving) students . Regardless, if these hypotheses were true, small classes in early grades would be a method to close the achievement gap between low and high achievers in later grades because low achievers would benefit more than other students in early grades, and this gain is more likely to last for some years.
We used data from a four-year, large-scale, randomized experiment conducted in Tennessee in the mid-1980s (Project STAR). The students who were involved in the experiment were followed for five years after the experiment (grades 4-8). To examine the small-class effects carefully, we carried out several analyses and used quantile regression to estimate class size effects in the tails of the achievement distribution. First, we examined the effects of small classes in grade 3 (the last year of the Project STAR experiment) on the achievement gap in subsequent grades 4-8. Second, we examined the cumulative effects of small classes in grades kindergarten to 3 on the achievement gap in subsequent grades 4-8. Students who participated in Project STAR could have been in small classes for four years or less because some students left (while others joined) the experiment each year or switched treatment groups in some grades. A plausible hypothesis is that students who were in small classes for longer periods may have higher achievement in later grades than do other students. Hence, we determined the effects of being in small classes for different time periods (e.g., zero, one, two, three, or four years) on the achievement gap in grades 4-8. Again we defined the achievement gap as the difference in small-class effects in the upper and lower tails of the achievement distribution. We also conducted analyses that addressed issues related to the internal validity of Project STAR, such as students' switching among different types of classes and more-than-intended variability in actual class size within different types of classes (see Krueger 1999; Nye et al. 1999 Nye et al. , 2000b .
In addition, we examined the gender, race, and SES gap across the entire distribution of achievement for grades 4-8. For example, it is likely that the achievement gap is not uniformly distributed across the achievement distribution and that it varies by achievement level (e.g., average, low, or high achievers). Finally, we estimated interaction effects between class size and gender, race, and SES across the distribution of achievement in grades 4-8.
The Tennessee Class Size Experiment
The Tennessee Class Size Experiment, or Project STAR, is discussed in detail elsewhere (e.g., Krueger 1999; Nye et al. 2000b) . The experiment involved students in 79 elementary schools in 42 districts in Tennessee. During the first year of the study, within each school, kindergarten students were assigned randomly to classrooms in one of three treatment conditions: smaller classes (with 13-17 students), larger classes (with 22-26 students), or larger classes with a full-time classroom aide. Teachers were also assigned randomly to classes of different types. Some students entered the study in the first grade or subsequent grades and were assigned randomly to classes at that time. Teachers at each subsequent grade level were also assigned randomly to classes as the experimental cohort passed through the grades. Districts had to agree to participate for four years and allow school visits for verification of class sizes, interviewing, and data collection, including extra student testing. They also had to allow research staff to assign pupils and teachers randomly to class types and to maintain the assignment of students to class types from kindergarten through grade 3. The students who participated in Project STAR for at least one year were followed for five years (grades 4-8) as part of the LBS (see Nye et al. 1994) .
Project STAR has high internal validity because, within each school, students and teachers were assigned randomly to classes of different sizes. In addition, because Project STAR is a large-scale randomized experiment that includes a broad range of schools and districts (urban, rural, wealthy, and poor), it has higher external validity than smaller-scale studies. Moreover, the study was part of the everyday operation of the schools that participated, and hence there is a lower likelihood that novelty effects affected the class size estimates.
Previous Findings about Small-Class Effects
Project STAR data have been used to examine the differential effects of class size on the achievement of low-achieving, minority, and disadvantaged students. Although initial findings reported that class size reduction had larger positive effects for minority students (see Finn and Achilles 1990) , more recent studies that used modern and more appropriate statistical methods could not fully replicate the early findings. For example, Nye and colleagues (2000a) found weak evidence that class size reduction had larger immediate benefits for minority students. In a subsequent study, Nye and colleagues (2002) examined the differential effects of small classes for low-achieving students and found no evidence of additional benefits for these students. However, a more recent study that used follow-up data from Project STAR indicated that being in small classes for four years may subsequently decrease the race/ethnic achievement gap in reading in grades 4-8 . Nonetheless, overall there is weak evidence of differential effects of small classes for low-achieving, minority, and disadvantaged students.
Although Project STAR provides the highest quality data about class size effects that we have had thus far, the study was conducted nearly 20 years ago. During the last decade researchers have examined class size effects analyzing more recent data and have reported mixed findings. For instance, Angrist and Lavy (1999) used nonexperimental data from Israeli elementary schools and found that reducing class size increased fourth and fifth graders' scores significantly. In contrast, Hoxby (2000) analyzed nonexperimental data from elementary schools in Connecticut and reported that smaller classes had little to no effect on student achievement. Other researchers used large data sets such as the Third International Math and Science Study to examine class size effects on math achievement in several countries (see Pong and Pallas 2001; Wossmann and West 2006) . For example, Pong and Pallas found beneficial small-class effects on eighth-grade math achievement in the United States but not in other countries. More recently, Milesi and Gamoran (2006) used data from the Early Childhood Longitudinal Study and found no evidence of main class size effects on mathematics and reading achievement or differential class size effects for students from different backgrounds. Overall, the findings from recent work on class size effects have been mixed and inconclusive. Part of this inconsistency is due to the variability in implementation of the class size reduction programs. For example, in Project STAR there was no shortage of well-trained teachers or classrooms, and there were ample classroom facilities and commitment from the school leadership. In contrast, evidence from Florida and California indicates that inadequate funding resulted in a shortage of qualified teachers and typical classroom facilities. Milesi and Gamoran (2006) have provided an excellent discussion about the differences in class size effects between Project STAR and other studies. Given the mixed previous findings about the differential effects of small classes, one would expect that the small-class effect for low achievers would not be as evident as one would hope. However, it is likely that the cumulative effects of small classes point to larger benefits for low achievers. In the current study we examined how class size reduction affected the achievement gap between low and high achievers in grades 4-8. To determine whether small classes had differential effects on different types of students, we computed differences in achievement at the upper and lower tails of the achievement distribution.
Method

Validity of Project STAR
In Project STAR, as in all longitudinal large-scale studies, fidelity of implementation was compromised somewhat by three factors. First, there was some switching of students among class types in grades 1-3. Second, there was student attrition between kindergarten and grade 3. Third, there was some overlap in the actual sizes among different types of classes due to larger-thandesigned variability in sample sizes within classes. The effects of these threats to the validity of the experiment were investigated by other researchers who concluded that the threats did not affect the outcome of the experiment in mean differences in achievement (see Krueger 1999; Nye et al. 2000b ). In addition, another study examined the effects of attrition and switching among classes using follow-up data from the LBS and found that attrition and switching did not affect the small-class mean estimates (Nye et al. 1999) .
To ensure the validity of the experiment, it was also crucial that random assignment effectively eliminated preexisting differences between students and teachers assigned to different classrooms. Two recent studies checked whether randomization worked and reported no differences on preexisting characteristics of students or teachers among the assigned conditions (Krueger 1999; . These results are consistent with what one would expect if randomization were successful. In randomized experiments such as Project STAR, participants (e.g., students and teachers) have an equal probability of being assigned to treatment groups (e.g., small classes, regular classes, and regular classes with a classroom aide). This suggests that the students (and teachers) assigned to different class types have similar observed and unobserved characteristics. In turn, this indicates that random assignment is orthogonal to observed and unobserved characteristics. The fact that there is no evidence that randomization was not successful facilitates the causal argument in the current study. That is, when randomization is successful, differences across the achievement distribution should be due entirely to the treatment effect. Hence, the causal argument for differences in average achievement holds also for differences in the tails.
Statistical Analysis
The analysis involved computing differences in achievement between students in small and in regular classes at the upper and lower tails of the achievement distribution. Specifically, we used quantile regression (see Buchinsky 1998; Koenker and Bassett 1978) to estimate the small-class effect at various points on the achievement distribution in grades 4-8. Ordinary least squares regression focuses on average associations between an outcome and a predictor or average differences in an outcome between two groups. However, social scientists are also interested in estimating associations or group differences in outcomes in the tails of the outcome distribution (see Hao and Naiman 2007) . Oftentimes, social science researchers focus on inequality and examine race American Journal of Education or gender differences in achievement or wages across the entire distribution to obtain a clearer picture of the race or gender gap. For example, it is likely that the race or gender gap for average achievers is different (i.e., smaller or larger) than the race or gender gap for low or high achievers. Similarly, education researchers frequently examine the effects of school resources or school interventions on low-achieving, minority, and disadvantaged students. It is likely that certain school interventions (such as class size reduction) have differential effects on average, low, and high achievers. Examining the effects of school interventions across the entire achievement distribution provides crucial information about reducing the achievement gap. The typical regression model is inadequate to examine the effects of predictors at different points (called quantiles) of the outcome distribution.
Quantile regression is a natural extension of the typical linear regression because it estimates how changes in the predictors (e.g., school interventions) affect changes in the outcome (e.g., achievement) not only in the middle but in the tails of the outcome distribution as well. Hence, quantile regression provides a more compete understanding of the effects of predictors on the entire outcome distribution (see Hao and Naiman 2007) . In addition, quantile regression is a more robust method (compared to typical regression) for analyzing skewed distributions with outliers. Currently, quantile regression is a widely used method in economics and the social sciences, and we argue that this method can also be useful in education research that focuses on educational inequality and the academic prosperity of disadvantaged students, who are typically overrepresented in the lower tail of the achievement distribution. Two recent studies employed quantile regression to examine small-class effects on low and high achievers in early grades (Konstantopoulos 2008 ) and the persistence of school effects on low-and high-wage earners (Konstantopoulos and Constant 2008) . Note that the purpose of the current study is to determine whether small classes produce additional benefits in achievement for low achievers in grades 4-8. Quantile regression is well suited for this purpose because it shows how class size reduction affects the achievement of low, average, and high achievers and allows comparisons among the differential effects measured for the entire achievement distribution. An advantage of quantile regression estimates is that the same index (e.g., standard deviation units) can be computed for small-class effects on achievement across the entire distribution, and hence, the results across different points (quantiles) of the achievement distribution are on the same scale. If small classes produced additional benefits for low achievers, then class size reduction would be an intervention that could reduce the achievement gap.
We ran quantile regressions for mathematics, reading, and science test scores separately for each grade (4-8). In each grade, mathematics, reading, and science scores were regressed first on small-class assignment (taking the value of one if a student was in a small class in grade 3 and zero otherwise). Gender, race/ethnicity, and lower SES were also included in the equation as covariates. We examined the small-class effect at the lower tail (e.g., tenth and twentyfifth percentiles), the middle (fiftieth percentile), and the upper tail (e.g., seventy-fifth and top ninetieth percentiles) of the achievement distribution. Then, we tested whether the small-class effects in the upper and lower tails were significantly different from one another. The second part of the analysis determined the cumulative effects of small classes on the achievement gap in grades 4-8. In particular, we created four dummies for zero, one, two, or three years of being in small classes (four years in small classes was the reference group) and modeled these nonlinear effects for mathematics, reading, and science in grades 4-8. Notice, however, that the cumulative effects of small classes were not part of the experimental design, and hence these effects are likely to be related to unobserved variables (e.g., school leadership or parental influences), which indicates a possible endogeneity problem and complicates the interpretation of these estimates as causal. Because our data have a nesting structure, since students are nested within classrooms and classrooms are nested within schools, it is important to take into account this nesting structure when computing the standard errors of the regression coefficients. We used STATA to run quantile regression and computed bootstrapped standard errors for the quantile regression estimates. The bootstrapped standard errors we obtained are robust and take into account the clustering nature of the data as well as heteroscedastic errors.
Results
Small Class in Grade 3
The first series of analyses modeled the treatment effect in grade 3 as a binary indicator. The results of this analysis are summarized in table 1. Note that because the outcome variable was standardized to a mean of zero and a standard deviation of one and the treatment effect is a dummy variable, the regression estimates indicate average differences in achievement between small and regular classes expressed in standard deviation units. The median smallclass effects were all positive, two-thirds of them were statistically significant, and the remaining coefficients were significant at the .10 level, with the exception of fifth-grade mathematics. Across achievement tests, the overall smallclass effect was slightly smaller than one-tenth of a standard deviation in the middle of the distribution. The estimates in the tails were comparable overallall coefficients were positive, and more than 50 percent of them were significant at the .05 level. These results indicate that all types of students (low, medium, and high achievers) in grades 4-8 benefited from having been in small classes in grade 3. While it is remarkable that the effects endure through grade 8 across the achievement distribution, it should be noted that they decline over time (i.e., the class size effects in grade 8 are typically smaller than in previous grades). In certain cases (e.g., reading in grade 5 and science in grade 6), the small-class effects at the tenth percentile were more than twice as large as these at the ninetieth percentile. We should note that these effects were slightly larger than one-fifth of a standard deviation, which is a considerable effect in education. However, these estimates at the tenth percentile were not significantly larger than those at the ninetieth percentile. The estimates at the tenth percentile, however, were significantly different from those in the middle at the .10 level. Although this provides some evidence that in some grades and achievement tests low achievers benefit more from being in small classes than do median achievers, generally the effects of small classes seem to positively affect all types of students.
Intention-to-Treat Analysis in Grade 3
As in any large-scale, longitudinal study, the implementation of Project STAR deviated from the experimental design. One limitation was that in grades 1-3 students who were assigned initially to a specific type of class in one year switched to other types of classes the next year. For example, in the first grade students who were assigned to regular-size and regular-size-with-an-aide classes were randomized again to receive the other treatment condition. Studies have shown that about 50 percent of the students assigned to one type of regular class in kindergarten were reassigned to the other type of regular-size class in the first grade (Krueger 1999; Nye et al. 2000b) . With the exception of students' switching between regular classes and regular classes with an aide in first grade, the nonrandom transition rates of students among treatment conditions ranged from 2 to 9 percent across grades (see Nye et al. 2000b) . It is noteworthy that the transition rates from regular to small classes were consistently 8-9 percent between grades, whereas transition rates from small to regular classes were much lower (2-4 percent).
Because student transitions among types of classes were nonrandom, it is possible that the estimates of the class size effects are biased. Research that examined mean differences in achievement between small and regular classes, however, showed no evidence of bias (Krueger 1999; Nye et al. 2000b ). In the current study we examined whether students' switching among different types of classes affected the small-class effects across the achievement distribution. One way to examine the possible effects of this switching is to estimate effects of the treatment as it was originally assigned the first year a student entered the study. This is equivalent to the intention-to-treat analysis typically used in clinical trials. Suppose, for example, a student is assigned to a regular class in kindergarten and switches to a small class in first grade. In the intentionto-treat analysis, this student is assumed to be part of the regular-size class in the first grade, although he or she actually received a different type of treatment in that grade. The idea is that, if the intention-to-treat analysis produces estimates of the treatment effect that are similar to the estimates obtained from the analysis that defines treatment as it was actually received, switching between classrooms would not compromise the internal validity of the experiment. Hence, for grade 3 we constructed a new dichotomous variable called "original" assignment that took the value of one if a student was originally assigned to a small class in grade 3 (or in any previous grade) and zero otherwise. Then, we reran the analysis discussed earlier for mathematics, reading, and science in grades 4-8.
The results of this analysis are reported in are qualitatively similar to and consistent with those reported in table 1. Again, at the median, all coefficients were positive, and two-thirds of them were statistically significant. These estimates are somewhat smaller than those reported in table 1 overall, and they decline over time; that is, typically the effects are smaller in grade 8. Nonetheless, there is some evidence that the effects persist through grade 8. The estimates in the tails were comparable overall, in that all coefficients were positive, and more than 50 percent of them were significant at the .05 level. As in table 1, these results indicate that all types of students (low, medium, and high achievers) in grades 4-8 benefit from being in small classes in earlier grades. As in table 1, in certain cases such as reading in grades 5 and 6 and science in grade 8, the small-class effects at the tenth percentile were nearly twice as large as those at the ninetieth percentile. Again, these effects were slightly larger than one-fifth of a standard deviation. However, the estimates at the tenth percentile were not significantly larger than those at the ninetieth percentile at the .05 level. The estimate at the tenth percentile in reading, however, was significantly different from that in the middle at the .10 level. Although this provides some evidence that in some grades and achievement tests low achievers benefit more from being in small classes than do median achievers, generally the effects of small classes seem to have positively affected all types of students. In addition, theses results indicate that switching did not affect the small-class effects much across the entire achievement distribution.
Actual Class Size in Grade 3
Although the experimental design had targeted a certain range of class size for each type of classroom (13-17 for smaller classes and 22-26 for larger classes), variation was more than intended in small and regular classes. For example, in grade 3 the actual class size ranged from 11 to 19 for small classes and from 16 to 29 for regular classes (see Konstantopoulos 2008) . That is, there was some overlap between the actual class sizes of the three treatment conditions. This larger-than-intended variability in actual class size for each type of classroom and the modest overlap between small and regular classes may have affected the estimate of the treatment effect. Hence, a more complete analysis would examine the effects of actual class size in the upper and lower tails of the achievement distribution.
To conduct this analysis, one needs to construct a variable for actual class size and include it as the main independent variable in the quantile regression. This approach, however, has the disadvantage that, although target class size is assigned randomly, actual class size is not and may be a result of nonrandom unobserved factors that may also be related to the outcome (i.e., the variable may be endogenous). In this case it is difficult to explain the relationship between actual class size and achievement as a causal effect. A common way to overcome this problem is to use random assignment as an instrumental variable (IV) for actual class size (see, e.g., Angrist et al. 1996; . In the IV regression, actual class size is regressed on random assignment, and the predicted values of this regression are used in the quantile regression as the main independent variable. The advantage of this procedure is that it yields estimates of the causal effects of actual class size.
The results of this analysis are reported in table 3. The structure of table 3 is identical to that of tables 1 and 2, and the results are similar to those reported in tables 1 and 2. Notice that in table 3 all coefficients are negative, as expected, because the predictor is continuous, and one would expect that the smaller the classroom, the larger the effect on student achievement. More than 60 percent of the median estimates were significant at the .05 level. Overall, these estimates were qualitatively similar to these reported in tables 1 and 2 and suggested that small-class effects in grade 3 persisted through grade 8 across the entire achievement distribution. The estimates in the tails were comparable overall; all coefficients were negative, and more than 50 percent of them were significant at the .05 level. As in tables 1 and 2, these results clearly indicate that all types of students (low, medium, and high achievers) in grades 4-8 benefit from being in small classes in earlier grades. These results also suggest that the small-class effects (across the entire achievement distribution) were most likely unaffected by the larger-than-intended variability in actual class size.
The Gender, Race, and SES Gap
We also examined the gender, race, and SES gap in achievement. The results of this analysis are summarized in table 4. We first discuss the results for mathematics, then for reading, and finally for science. In mathematics, female students outperformed their male peers by nearly one-tenth of a standard deviation in the middle of the distribution. The female advantage was more pronounced for lower achievers (nearly one-third of a standard deviation) but less pronounced for higher achievers. White students outperformed minority students in the middle of the distribution by one-fourth of a standard deviation in grades 4 and 5 and by more than one-third of a standard deviation in grades 7 and 8. The race gap was comparable for low and high achievers in grades 4 and 5, whereas in grades 7 and 8 the achievement gap was more pronounced for high achievers, with whites performing nearly one-half of a standard deviation higher. Low-SES students achieved significantly lower than high-SES students across the entire distribution of mathematics achievement. The SES gap was larger than the race and the gender gap overall.
The results for reading achievement were comparable. Again, female students outperformed their male peers by nearly one-tenth of a standard deviation in the middle of the distribution, and the female advantage was more pronounced for lower achievers (nearly one-third of a standard deviation). Also, white students outperformed minority students in the middle of the distribution by more than one-third of a standard deviation in grades 4 and 5 and by nearly one-half of a standard deviation in grade 7. The race gap was comparable overall for low and high achievers across grades. High-SES students outperformed their low-SES peers across the entire distribution of mathematics achievement. The SES gap was typically more pronounced for low achievers and in grades 6 and 7 for high achievers. The SES gap was larger than the race and the gender gap overall.
In science the gender gap was reversed favoring male students. In particular, male students outperformed their female peers by more than one-tenth of a standard deviation in the middle of the distribution in grades 4, 7, and 8. The female advantage was more pronounced for higher achievers, especially in grades 7 and 8. The race gap was larger in science compared to that in mathematics and reading. The race gap was also more pronounced for low achievers in grades 4-8. It is noteworthy that in science the SES gap was smaller than the race gap. Still, high-SES students outperformed their low-SES peers across the entire distribution of science achievement. The SES gap was more pronounced for low achievers.
In addition, we estimated interaction effects between class size and gender, race, and SES across the distribution of achievement. Overall, across the entire distribution of achievement tests and across grades, the interaction estimates were small and insignificant. Only 12 of the 225 interactions we examined were significant, which indicates that these results could have occurred by chance (the probability is approximately 5 percent). Most of the interaction effects were significant in science and fewer in reading and mathematics. There were a few exceptions, however. For example, in grade 6, female students in the ninetieth percentile of the mathematics distribution benefited less from being in small classes. Similarly, in grade 7, female students in the tenth percentile of the mathematics distribution benefited less from being in small classes. In grade 8, low-SES students in the tenth percentile of the reading or science distribution benefited much from being in small classes. Finally, low-SES students in the ninetieth percentile of the science distribution benefited from being in small classes in grade 5, but the effect was reversed in grades 4 and 7. Nonetheless, the results suggested little evidence of interaction effects.
Cumulative Effects of Small Classes
Project STAR is a longitudinal study, and the students who participated in it experienced different lengths of exposure to the treatment. For example, stu-dents could be in small classes for zero, one, two, three, or four years. An interesting question, then, is whether a "dose-response" relationship was observed and persisted over time. That is, it is plausible that longer exposure to the treatment would produce larger (cumulative) small-class effects that persist over time. A related issue is whether the additive exposure to the treatment would indeed increase student achievement meaningfully or whether a onetime exposure (e.g., one year) is sufficient. To model the cumulative effects of small classes, we created four binary indicators that examined the differences between different degrees of exposure in small classes (e.g., zero, one, two, and three vs. four years in small classes). The estimates of these analyses are summarized in tables 5-7. Note that the overwhelming majority (more than 95 percent) of students who participated in Project Star were in small classes in successive years (two, three, or four years). The coefficients reported in tables 5-7 indicate the small-class advantage of being in those classes for all four years of the experiment.
The results for mathematics achievement are summarized in table 5. Notice that all estimates are positive and large. In addition, the median differences are overwhelmingly significantly different from zero. The results in the median indicated that the effects of small classes are cumulative and that multiple years of exposure produce larger effects in mathematics. The results were more pronounced in grade 3 and became smaller over time, as one would expect. However, they persisted through grade 8, and the cumulative class size effects were on average at least one-fifth of a standard deviation in grades 7 and 8. The cumulative effects in the tails also lasted through grade 8, and the results in the tails were comparable qualitatively and followed patterns similar to those in the middle of the achievement distribution. This suggested that both low and high achievers benefit equally from longer exposure to small classes. However, in one occasion in grade 4, the estimated difference between four versus one year in small classes was nearly one-half of a standard deviation at the tenth percentile, which is a large effect in education. In fact, the estimate at the tenth percentile was significantly larger than that at the ninetieth percentile (see table 8 ). Generally, however, the cumulative effects of small classes seem to have positively affected all types of students. It should also be noted that overall, the achievement differences between students who were in small classes for one year and those who were in small classes all four years were similar to those between students who were never in small classes and those who were in small classes all four years. This finding indicates that perhaps two or more years in small classes in early grades are needed to obtain larger cumulative effects.
The results for reading achievement are summarized in table 6, which has the same structure as table 5. Again, all estimates are positive and large. The median differences are overwhelmingly significantly different from zero. The results in the median indicate that the effects of small classes are cumulative and that multiple years of exposure produce larger effects in reading. In addition, although the effects become smaller over time, they persist through grade 8. The largest estimates were obtained in grade 3 and were larger than those in mathematics in table 5. The results in the tails are somewhat similar and point to larger benefits for low achievers than for high achievers in grades 4-8. The estimates at the tenth percentile are typically larger than those in the ninetieth percentile and also more likely to be significant at the .05 level. For example, in two occasions in grades 4 and 6 the estimated differences between four versus one year in small classes were slightly larger than twofifths of a standard deviation at the tenth percentile, a large effect in education. In fact, these estimates at the tenth percentile were significantly larger than those at the fiftieth percentile, and in grade 4 the estimate was also significantly larger than that at the ninetieth percentile. As in mathematics, the cumulative effects in the tails lasted through grade 8. Overall, as in mathematics, the achievement differences between students who were in small classes for one year and those who were in small classes all four years were similar to those between students who were never in small classes and those who were in small classes all four years.
The results for science achievement are summarized in table 7, which has the same structure as tables 5 and 6. Again, all estimates are positive but not as large as those reported in tables 5 and 6. The median differences are typically significantly different from zero. The results in the median indicate that the effects of small classes are cumulative and that multiple years of exposure produce larger effects in science. As in mathematics and reading, the cumulative effects in science become smaller over time but persist through grade 8. The results in the tails are somewhat similar and point to larger benefits for low achievers than for high achievers. As in reading, the estimates at the tenth percentile are typically larger than those in the ninetieth percentile (except grade 3). In one occasion, in grade 6, the estimated difference between four versus zero years in small classes was nearly one-third of a standard deviation at the tenth percentile. In fact, the estimate at the tenth percentile was significantly larger than that at the ninetieth percentile. As in mathematics and reading, the cumulative effects in the tails lasted through grade 8. Nonetheless, the class size estimates in science were smaller than those in mathematics and reading, indicating that the cumulative effects of small classes matter somewhat less in science in later grades.
As mentioned above, we examined whether the cumulative small-class estimates varied across the different percentiles and whether these differences were statistically significant. Table 8 summarizes some of the t-tests we used to examine this question in certain grades. Most of the t-tests in the table showed significant differences in achievement between different percentiles. This indicates that in some later grades the very low achievers benefited significantly more from being in small classes for four years in early grades than did medium or very high achievers. However, this evidence is weak since small-class effects were similar for all types of students generally, and the majority of the t-tests we constructed (not presented in this table) were insignificant.
Conclusion
Previous work that used data from Project STAR demonstrated consistently that being in small classes in early grades leads to higher student achievement on average. Given that class size reduction is an educational intervention that benefits all students by increasing their achievement, it is tempting to expect that it could also reduce the achievement gap between high and low achievers. However, previous findings provided weak or no evidence that reducing class size has immediate benefits for low-achieving students more than other students (Nye et al. 2002) . More recent work provided weak evidence that the cumulative effects of small classes may have long-term benefits for minority students in grades 4-8 (see . The current study examined the durability of the small-class effects in early grades through grade 8 across the entire achievement distribution in an attempt to better understand the effects of class size reduction on the achievement gap.
The results from the quantile regression analyses provided convincing evidence that all types of students (e.g., low, medium, and high achievers) benefit from being in small classes (in early grades) across all achievement tests. Specifically, being in small classes in grade 3 resulted in considerable increases in student achievement that last to grade 8. The results are consistent over time and suggest that the effects of small classes in early grades have similar lasting benefits for different types of students, such as low, medium, and high achievers. These findings do not point to differential effects of small classes across different types of students-that is, it appears that all types of students benefit equally from being in small classes in early grades. This study shows virtually no evidence that manipulating class size in the third grade can reduce the achievement gap between low-and high-achieving students in later grades. These findings are consistent with those reported by Nye and colleagues (2002) . Our analyses also addressed the possible effects of validity threats, such as students' switching between types of classrooms and larger variability than intended by design in actual class size, which resulted in overlap in actual class size between smaller and larger classes. The results of these analyses were consistent with those in the original analysis and further supported the notion that small-class effects persist over time for all types of students. Thus, these validity threats appear to have virtually no effect on the small-class estimates across the achievement distribution. Again, however, we did not find any evidence of additional lasting benefits of small classes for low achievers or other students. This result should be interpreted with caution. It does not mean that low-achieving students are better off in larger classes because all students benefit from being in small classes. In fact, the estimates in tables 1-3 suggest that low achievers in small classes are better off than their peers in regular classes.
This study also demonstrates that longer exposure to small classes in grades kindergarten to 3 produces higher levels of achievement for low, medium, and high achievers in grades 4-8. This shows that additional years in small classes in early grades result in benefits in achievement in later grades for all students. This finding is consistent with that reported by Nye and colleagues (1999) . Our results also suggested that one year of exposure in small classes in not enough and that students benefit more from additional years in small classes. It is noteworthy that in certain grades, in reading and science, the cumulative effects of small classes for low achievers are substantial in magnitude and significantly different from those for high achievers. Hence, there is some weak evidence that the cumulative effects of small classes have larger lasting benefits for low achievers, and this finding is in congruence with that reported by about minority students. This is not surprising since in our samples, on average, 50 and 70 percent of low achievers (i.e., the tenth percentile) were minority and low-SES students, respectively. That is, as expected, there is a higher proportion of minority and low-SES students in the low-achieving group.
One hypothesis is that in small classes teachers are more likely to identify low achievers and hence are more likely to provide instruction designed to benefit these students in early grades. Alternatively, in small classes there is a higher likelihood for low achievers to interact with teachers and be more engaged in learning. When this kind of classroom practice takes place for several years in early grades (K-3), it appears that it helps low achievers more than other students in later grades (4-8). It must be noted, however, that these results should not be interpreted as casual effects because it is not obvious that the mechanism that assigned students to longer or shorter periods in small classes in early grades was random. That is, these results simply suggest (strongly nonetheless) that longer exposure to small classes in early grades increases student achievement in later grades for all students and for low achievers in particular.
Because students and teachers are not assigned randomly to schools but rather select their schools, it is likely that estimates of class size are affected by differences in schools (e.g., school effects). Previous analyses of Project STAR data that computed class size effects adjusted for school fixed effects via school dummies (see, e.g., Konstantopoulos 2008; Krueger 1999) . Similarly, it was important to control for school effects in the current study to adjust adequately for possible differences across schools. As a result, we replicated some of the analyses described earlier, including school fixed effects (as dummies) in the quantile regressions. The results were generally similar to those reported in tables 1-7, which indicates that schools did not affect the small-class estimates across the achievement distribution, and, hence, our results are robust.
Results suggested that the effects of small classes were smaller for science achievement. Unfortunately, observational data from classrooms were not available for Project STAR, and hence it is difficult to know exactly how science was taught in small and regular classes. Our results suggest that in grades 4-8 science teaching is equally effective in different types of classrooms. One plausible hypothesis is that the structure of instruction or classroom practices in science is comparable across the different types of classrooms (e.g., small and regular classes). For example, if science activities typically take place in small groups (across all types of classrooms) in which the majority of students (low, average, and high achievers) engage actively in science learning, then it is likely that there would not be any significant differences in science achievement between small and regular classes. If this hypothesis were true, the smallclass advantage would dissipate because of the way teachers enact science activities in the classroom, so that the students in different types of classrooms receive similar instruction and help for learning. Another possibility is that elementary school teachers may have minimal background in science (e.g., a small number of science courses in college and low levels of professional development) and minimal experience in using instructional technology to teach science and hence may not feel adequately prepared for teaching science effectively. If only a small percentage of teachers have undergraduate degrees in science or science education and the majority of teachers feel that they are not well qualified to teach science, then they will be less likely to put much emphasis on science teaching. If this hypothesis were true, science teaching would not be as effective in elementary school grades for all types of classrooms, and effectiveness in science teaching would not vary much by class size. In that case, small-class effects would not necessarily last in later grades (4-8) for science achievement.
Our results show that, overall, small classes are beneficial to student achievement. However, we caution the reader that the effectiveness of class size reduction efforts is closely linked to the proper implementation of such programs. Indeed, evidence from Project STAR has consistently suggested that small-class membership benefits all kinds of students. These promising findings encouraged class size reduction policies and implementations in many districts and states. California and Florida are some of the states that implemented class size reduction programs. Although the evidence from the Tennessee Class Size Experiment has been strong regarding the benefits of being in small classes, in California and Florida evidence has not demonstrated major ad-vantages in achievement for students in small classes. This inconsistency in the findings is partly due to the lack of support to allocate the necessary resources that would make class size reduction programs successful. That is, in order to implement class size reduction programs on a large scale (e.g., throughout a state), many necessary conditions need to be satisfied. For example, to implement such programs successfully, more classrooms and teachers are needed, which indicates that states and districts need to commit themselves to allocating sufficient funds. In other words, schools need to be able to afford having new classrooms that are comparable to those already in use and hiring new well-qualified teachers. This is more likely to take place gradually, assuming the funding for new classrooms and teachers is available for longer periods, and requires adequate planning and long-term commitment and investment to such programs. Class size reduction is likely a more effective school intervention when school organizational and pedagogical conditions are intact. In the short run, however, the lack of space in schools and the shortage of well-trained teachers will most likely hinder the successful implementation of such programs, which was witnessed in California and Florida (see Biddle and Berliner 2002) . It is also likely that inadequate funding may be more detrimental for poorer districts because such districts may not be able to attract and keep well-trained teachers or have access to more classrooms, and this further promotes educational inequality.
This study helped us further understand the effects of small classes on student achievement. However, the mechanism through which small classes affect student achievement in later grades is still not clearly defined. Nonetheless, it is remarkable that an intervention that is easily defined and implemented can have important lasting benefits at least to the end of middle school for all students. It is even more encouraging that the cumulative benefits seem (for some achievement tests and in certain grades) more pronounced for low achievers. Thus, class size reduction appears to be an intervention that increases the achievement levels for all students while simultaneously reducing the achievement gap.
